Farming households that differ in their ability or willingness to take on risks are likely to make different decisions when allocating resources and effort among income producing activities with consequences for productivity. In this paper we measure voluntary and involuntary departures from efficiency for rice producing households in Bicol. We take advantage of a panel of observations on households which includes observations from 1978, 1983 and 1994. The unusually long time-span of the panel provides ample opportunities for the surveyed households to learn and apply successful available technologies. We find evidence that diversification and technology choices do effect efficiency outcomes among farmers, although these effects are not dominant; accumulated wealth, past decisions to invest in education, favorable market conditions, and propitious weather are also important determinants of efficiency outcomes among Bicol rice farmers.
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INTRODUCTION
Research suggests that poor farming households are less able to cope with shortfalls in production and, as a consequence, tend to diversify labor and land resources as a precaution.
This limits the adverse effects of production and market risks; however lower productivity results as well. It is generally held that these choices are rational--that farmers understand the tradeoff and anticipate the consequences of ex ante production decisions. (See, for example, Binswanger and Sillers 1983; Binswanger and Rosenzweig 1986; Walker and Jodha 1986; Bromley and Chavas 1989; Reardon, Delgardo and Matlon 1992; Fafchamps 1992; Morduch, 1995; Dercon, 1996 , and Ellis 2000.) Differing production and livelihood strategies therefore help to explain why productivity and efficiency in farming varies internationally, nationally and even among households living near one another. Less studied however are the quantitative effects of household choices that lead to voluntary inefficiencies. Investigating the cost of riskcoping strategies is worthwhile, since there are good reasons to suspect that voluntary inefficiencies play a central role in explaining rural poverty (World Bank 2001.) Rice farming is an important and variable source of income and nutrition in many developing countries, especially in poor regions and among poor households. The technical sources of production efficiency and variability for rice are well studied and well known (Anderson and Hazell 1989) . In this paper we explore why farmers often fail to achieve outcomes that can be described as efficient and we measure voluntary and involuntary departures from efficient rice production among rice farmers in a region of the Philippines. In particular we measure the relative importance of household decisions about technology and diversification on productivity. We find evidence that diversification and technology choices do effect efficiency outcomes. At the same time, the results suggest that accumulated wealth, past decisions to invest in education, favorable market conditions, and propitious weather are also important in explaining efficiency outcomes among Bicol rice farmers.
Methodologically our measurement relies on a stochastic frontier model that incorporates technical efficiency effects, as pioneered by Aigner, Lovell and Schmidt (1977) and Meeusen and van den Broeck (1977) and further developed by Reifschneider and Stevenson (1991) ; Kumbhakar, Ghosh and McGuckin (1991); Fried, Lovell and Schmidt (1993) , and Coelli, Rao and Battese (1997) . Empirically, our measurements rely on a three-year panel containing 1,511 observation of Filipino rice producing households in Bicol (Bicol River Basin Development Program 1997 and 1998; and Lanzona, 1997.) After deriving the model in section 2, the data is described in section 3. Section 4
provides an estimation of the base model and a discussion of the empirical results. 
is the distribution function for random event, R.
In words, the household problem as represented in the model is to choose a consumption path that is constrained by wealth, supplemented by generated income based on input uses and a variety of conditioning state variables, including technology, relative prices, education, etc. The problem is depicted as an infinite horizon multi-generation problem. For the current period, setting 0 0 = t , the problem can be expressed as:
where the first order conditions are:
To guarantee that the first-order conditions provide a maximum, V must be concave in w;
the solution values of w, c and x must be positive; and the transversality-at-infinity condition must hold 1 .
The first-order conditions require that expected marginal gains and loss from additional input use are offsetting (cond ition i) and that the expected marginal utility equals the shadowvalue of marginal wealth (condition ii). Expected wealth changes equal the expected savings (or dis-savings (condition iii). In turn, the shadow value of marginal wealth depends in part on the distribution of risks. This relationship can be expressed by applying the envelope theorem to the value function and considering condition ii: , a topic we take up in the next section.
The applied model
Following the general model, we expect that the production solution to the stochastic optimization problem, will depend on other household activities and will be conditioned by ex ante expectations about the distribution of random weather events as well as other initial conditions. We make the additional assumption that we can represent the rice-producing activity of Bicol ho useholds as a single technology frontier production function, with systematic and accidental variation from this production frontier. That is:
where * y is the frontier production function and u are random variables that depend on z, a vector of state variables (s and w), and that denote distance from the frontier objective, where i and t are subscripts denoting household and year 2 . More specifically, as is common practice in technical efficiency models (Battese and Coelli, 1995 ) , we specify a log-linear frontier production function and expand the u linearly in the state variables so that 2.1 is specified as: In addition, we follow Battese and Coelli (1995) and define the test statistic
to check whether the it u are deterministic. Later, we provide estimates where the additional assumptions on u are dropped in favor of standard fixed-effects assumptions.
Finally, for some observations in the sample, farmers have chosen not to apply all inputs -this is especially true for some fertilizers. Consequently, dummy-variables are employed. (See Battese, 1997.) 
THE DATA
We derived the data for this analysis from the Multi Purpose Survey (MPS), collected in the Bicol Region in the Philippines in the years 1978 and 1994 . The 1978 surveys included farmers from three provinces Camarines Sur, Albay and Sorsogon; however, in figure 1 , the spread in production and yields was generally greater among households than among years.
In addition to production, table 1 reports averages for two other types of variables. We associate the first group with the production frontier and the later with technical efficiency.
Inputs to the production function include land of differing type.. Land types include upland rain-fed, lowland rain-fed, gravity irrigated and pump irrigated land. Area planted to rice Other state variables are likely to influence efficiency, but the farmer must take these as given -at least in the short run. Relative rice prices were included to measure economic incentives for greater efficiency 6 . Because it is likely to influence the capacity to farm efficiently, education is included. Wealth is also included since the variable potentially 4 A cavan equals 44 kg. of unmilled rice. 5 Irrigation techniques represent technology choice as well, but this technology is fixed in the short-run.
influences the ability of the farmer to employ riskier techniques associated with higher productivity.
Because weather influences ex-ante decisions and ex-post outcomes, several weather- 
ESTIMATION RESULTS
In this section we discuss the parameter estimates from the base model, given in table 2 7 .
Front ier parameters
The parameters estimated for the stochastic frontier production function indicate elasticities for land between 0.44 for lowland gravity irrigated and 0.30 for upland. These elasticities are similar to other production functions estimated elsewhere -for example, Mundlak, Larson and Butzer (1999) estimated an elasticity for land of 0.47, in their crosscountry analysis of agricultural production.
The elasticity of irrigation fuel costs is positive, but not significantly different from zero.
Other inputs--seeds, fertilizer, chemical costs and aggregated machine hours--have typical positive elasticities that are all significantly different from zero.
There is an inconsistency in the questionnaires concerning labor data that requires special treatment for hired labor in 1978. Nonetheless the estimated elasticity of 0.07 associated with 6 Price incentives may be fully measured by observed input choices, including family labor. However, prices may have an additional effect on unmeasured management. 7 The model was estimate using Frontier 4.1 (Coelli, 1996.) hired labor hours in the years 1983 and 1994 is statistically significant and consistent with Mundlak, Larson and Butzer. The elasticity of family labor hours is also significant, but quantitatively lower with an estimated value of 0.03.
Finally, it is worth noting that, while homogeneity has not been imposed on the empirical model, the unconstrained sums of the frontier input elasticities range from 0.82 to 0.96, depending on the type of irrigation employed.
Technical inefficiency parameters
By convention, model parameters not included in the frontier are expressed in terms of inefficiency -that is u it is a subtraction from y it . Consequently, variables with negative (positive) coefficients will have a positive (negative) relationship with output.
The estimates associated with the two short-term choices have the expected signs and are statistically significant. The estimated parameter for the variable "area planted with other crops" is positive, indicating that rice productivity declines with crop diversification. The result is consistent with the notion that rice producing households that diversify pay a price in terms of lost efficiency in rice production. The estimates also indicates that the use of high-yielding varieties or a combination of high and traditional varieties boosts productivity and, consequently, that the few farmers that chose to rely exclusively on traditional varieties gave up on potentially efficiency gains by doing so.
Longer term decisions to save and invest in education also significantly affect efficiency according to the estimated results. The coefficient on educational obtainment is positive and significant, as is the coefficient on wealth. The later result is consistent with the assertion that wealthier households are better positioned to pursue strategies that are more efficient, but also riskier. However, it is possible that wealth proxies greater managerial endowments.
The price of rice sold by the farmer also had a highly significant coefficient. High relative prices will directly offer incentives for greater productivity; however this is potentially fully captured in adjustments made to allocated labor and other inputs. Still, higher prices will most likely result in added care and management, which potentially explains the result.
However, field visits indicate that some households remain remote, suggesting that low costs may be associated with high transaction costs, the full consequences of which are not captured by the other choice variables. Consequently, in addition to providing incentives for voluntary action, prices may also reflect involuntary losses associated with poor communications and other unmeasured factors that contribute to lower efficiency.
As mentioned, the weather variables depend on calculations based on proximity to one of two weather stations in Bicol and on planting decisions by farmers. The estimated parameters reflect a quadratic specification that includes weighted averages of the long-term monthly averages for temperature and rain -which can be know ex ante -as well as ex post outcomes.
As such, little meaningful can be said about the individual weather parameters. As it turns out, the parameters are significant, taken as a whole and that weather is significant in explaining the range of production outcomes. We return to this topic in the next section.
The two constant terms, associated with the frontier and with the technical inefficiency variables, are both significant. Fixed effects for panel years are also significant. The values indicates that on average the rice farmers moved closer to the frontier with time -that is, the inefficient measure association with the dummy value for 1978 (1.577) is greater than the value for 1983 (1.241) and both represent greater inefficiency relative to the (excluded) 1994 dummy. However, it is also possible that the result may reflect differences in the sample composition since the year-effects are not significant when the balanced panel is used for estimation. We take up the balanced panel results in section 6.
MEASURING IMPACT
In this section we provide comparative measures of the effects of state variables.
Technical efficiency, ?, is defined for each household-time observation as
and we present examples of how discrete and reasonable changes in state variables effect efficiency,
We present a similar measure for output where
Recalling from 2.2 that the technical efficiency term is multiplicative, the elasticity of y with 8 For temperature and rain, quadratic terms are included in the efficiency term and consequently in the impact measures. For example, the percentaage output change for a given deviation in average rainfall is given by: . (See Halvorsen and Palmquist, 1980.) respect to the efficiency variables is equivalent to the elasticity of T with respect to the efficiency variables, that is:
The results of the calculations, given in table 3, show that the gain from making use of high-yielding seeds is large. This is a one-time gain however and the data shows that few households in the survey relied exclusively on seeds from traditional varieties.
The results also indicate that diversification extracts a cost in foregone efficiency. The measure calculates the average reduction in output for a given plot of land when the househo ld manages additional plots devoted to other crops. Though significant, the cost of foregone specialization -estimated at 2.9% for a reduction in diversification of 0.5 hectares--is not especially large.
The measures indicate that past investment in education and past savings are quantitatively important. The simulations show that relatively small increased in wealth and education lead to significant and repeated gains in efficiency.
Random shocks from market prices and weather also appear to be important determinants of ex ante output. The quantitative results suggest that a small change in price or a small shortfall in rainfall will result in production losses that match or overwhelm positive gains that farmers can obtain through voluntary choices.
ALTERNATIVE MODELS
In this section we examine whether the results are sensitive to the choice of estimation technique, omitted variables, or the composition of the panel used to estimate the model. We find that results related to the frontier variables are fairly robust on all accounts. With few exceptions, the same can be said of the direction of impact associated with efficiency variables.
However, the quantitative values and, in some cases the statistical significance of the parameters, are effected whe n observations are excluded in order to balance the panel, when variables are omitted or when assumptions regarding the composition of the error term are dropped. The restrictions on the rice-variety dummies, the year dummies and the weather variables are joint. Each set of restrictions could be rejected with at a 95% level of confidence and the restrictions on weather and varietal type at higher levels.
Comparison with least squares

Parameter restrictions
Finally, it is worth pointing out that all estimated frontier elasticities are positive and, generally, significantly so. This is consistent with the expectation that the underlying production function is strictly monotonically increasing in inputs.
A balanced panel
Mechanically, the overall variation in panel data that estimated models attempt to explain can be decomposed along the dimensions of the panel. In practice, this means that the composition of a sample can affect estimation results (Mundlak and Larson 1992) . Separately, for technical efficiency models, it is reasonable to expect that some sources of technical efficiency will vary with time -for example, because of "learning" (Kumbhakar 1990; Lee and Schmidt 1993.) With unbalanced panels, the two effects are inseparable.
In this section, we use a balanced panel to estimate the base model in order to examine whether the significant time effects observed in the base period are due to a changing composition in the unbalanced panel. We pay a heavy price for doing so, reducing the number of observations from more than 1,500 to 432. Nonetheless, we find evidence that the previously measured time-effects are due to the changing composition of the sample. Moreover, keeping in mind that the significant changes in the two samples on which the estimates are based, the remaining parameter estimates from the balanced panel are very similar to the results from the unbalanced panel. The results are reported in table 7.
Except for the coefficient on upland rice, the parameters associated with the frontier variables are similar for both sample estimates. We suspect that the value associated with upland rice, which is large relative to the other land coefficients and relative to the unbalanced-sample result, may be an artifact of the sample reduction since only 7 households in the balanced sample produced upland rice.
The share of the model variance, The balanced panel results do not contradict the conclusion that specialization, education and wealth all contribute positively to technical efficiency. Quantitatively, the balanced panel significantly larger effects for education and wealth. The technology results are unclear; they suggest that farmers improve efficiency significantly by introducing high-yielding varieties to their seed mix. However, the sign on the "high yield" variety is counter-intuitive and not statistically significant.
CONCLUSIONS
Based on panel data from rural households in Bicol, we find evidence that farmers take voluntary decisions of the kind normally attributed to risk coping strategies that lead to reduced productivity. The result is not sensitive to variations in the underlying model. Although short to medium term decisions regarding diversification and technology choice effect efficiency, these decisions are not the only source, or quantitatively a dominant source of foregone efficiency.
Evidence suggest that small changes in weather and market outcomes are often more crucial. At the same time, the results indicate that short-term decisions and outcomes that, in accumulation, effect wealth and education have lasting and repeated consequences for technical efficiency.
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